background: This study was conducted to describe the first experiences with hysterosalpingo-foam sonography (HyFoSy) as a first step routine office procedure for tubal patency testing.
Introduction
Assessment of Fallopian tube patency is an important part of routine infertility work-up as tubal obstruction is estimated to play a role in 12-33% of infertile couples (Collins et al., 1995; Snick et al., 1997) . Several tests are available for this purpose, including hysterosalpingography (HSG), laparoscopy with a dye test, selective salpingography and hysterosalpingo-contrast sonography (HyCoSy). The latter allows assessment of the outline of the uterine cavity and patency of the Fallopian tubes, and the investigation can be performed with standard transvaginal ultrasonography equipment as an office procedure. The accuracy of HyCoSy has been found to be comparable with that of HSG (Reis et al., 1998; Dijkman et al., 2000) .
A commonly used echogenic medium for HyCoSy was Echovist w (Bayer Schering Pharma AG, Berlin, Germany), a suspension of slowly soluble galactose microparticles in an aqueous solution (http://www.rxmed.com). No allergic-type reactions for Echovist w have been reported so far, but galactose allergy is a well known contra-indication. Recently Echovist w has become no longer available for gynaecological use. Unfortunately, there are no other ultrasound contrast media labelled and registered for gynaecology. It has been suggested by others to use air with saline as a cheap and easy-to-use alternative (Spalding et al., 1997) . However, as air bubbles disappear directly after mixing air and saline by shaking, it is only possible to inject air and saline intermittently into the uterine cavity by tilting a syringe filled with air and saline in order to alternate which is injected. Adverse reactions other than pain (vasovagal reactions, nausea, vomiting, hyperventilation and sweating) related to the saline-air solution have been recorded in 5% of cases (Savelli et al., 2009) .
In 2007, a non(embryo-) toxic gel (ExEm-gel w ; GynaecologIQ, Delft, The Netherlands), containing hydroxyethylcellulose and glycerol, was introduced and registered for the dilatation of the uterine cavity during sonography, being an intrauterine medium for sonohysterography, as an alternative to saline (Exalto et al., 2007) . When this gel is diluted and pushed rigorously through small openings in syringes or tubes, turbulence will cause a local pressure decrease resulting in air being dissolved in the solution, thus yielding foam that is stable for several minutes.
The aim of this study is to describe the first experiences with this foam as a first step routine office procedure for tubal patency testing.
Materials and Methods
In our centre in 2010, a total of 73 patients with subfertility were examined with HyFoSy to demonstrate tubal patency. The mean age of the patients was 34 years (range 26-44). Their mean BMI was 24.5 (range 18.4 -41.1). The mean duration of subfertility was 2.2 years (range 0.5-7); 23 patients were nulligravidae, 30 patients were nulliparous and 43 patients were multiparous. The median number of previous pregnancies was two (range 0 -7) and the median parity was one (range 0 -3). All patients were at low risk for tubal disease. Chlamydia antibody testing (CAT) was negative in all patients and no patients had a history for tubal surgery.
ExEm-gel w is rather viscous for passing into the Fallopian tubes, however after dilution with purified water, already being one of the basic compounds of ExEm-gel w , it allows passing through patent Fallopian tubes. Foam was created by rigorously mixing 10 ml ExEm-gel w (containing 88.25% purified water) with 10 ml of purified water (to give a mixture containing 94.10% water) in a 20 ml syringe (Fig. 1A  and B ). This recipe turned out to be excellent for creating foam that was sufficiently stable to show echogenicety for at least 5 min and for providing sufficient fluid to pass through patent tubes. Viscosity measurements revealed a lower viscosity for ExEm foam (270 cPs) when compared with Echovist w (400 cPs). The ability of ExEm foam to pass through the Fallopian tube is therefore expected to be at least comparable with Echovist w . After inspection of the uterine cervix with the use of a side-opened speculum, a cervical balloon-less applicator (designed for Gel Instillation Sonography by GynaecologIQ BV, Delft, The Netherlands), connected to the syringe with foam, was placed. In a minority of patients, with a sharp ante-or retroverted uterus or a pin-point ostium externum, the use of a tenaculum was necessary. After removal of the speculum, the ultrasound transducer was introduced into the vagina and the uterus was visualized in the longitudinal plane. The foam was then introduced into the uterine cavity by pushing the plunger of the syringe with light pressure by an assistant. After identifying the foam in the uterine cavity in the longitudinal plane, the transducer was rotated to the transverse plane to visualize the distension of the Fallopian tubes on both sides. Visualization of the dispersion of the foam in the peritoneal cavity was easier after localizing the ovaries.
Only in cases where uterine cavity distension or Fallopian tube distension on one or both sides could not be visualized, a hysterosalpingogram (HSG) was performed.
Results
In 67 out of 73 (92%) patients, the procedure was successful in terms of an adequate filling of the uterine cavity. In 6 out of 73 (8%) patients, filling of the uterine cavity was inadequate due to cervical blockage in 5 patients and leakage in 1 patient. HSG revealed that in three patients, the cervix was indeed blocked and in another three patients, the results were normal. In 55 out of the 73 (75%) patients, passage of the contrast through both normal appearing tubes was clearly visible separately with or without filling of the Douglas pouch with the foam (Fig. 2) . In two patients with only one tube present, this tube was patent ultrasonographically. In total, in 57 out of 73 (78%) patients no further examination was necessary (Fig. 3) . In another five (5/73; 7%) patients, only one tube was visible. HSG revealed that in three of them indeed only one tube was patent, including one case with a sactosalpinx and in two (2/73; 3%) cases both tubes were patent instead of one as suggested by HyFoSy. In five (5/73; 7%) other patients both tubes were not visible with ultrasound; HSG revealed that two of them had blocked tubes and three (3/73; 4%) of them had patent tubes. So in 5 out of 10 patients (5/73; 7%) with no or just one patent tube according to HyFoSy, there were discordant findings between HyFoSy and HSG. In the other five patients the findings with HyFoSy were confirmed by HSG. 
Foam-US as a tubal patency office test
Five patients (5/73; 7%) had vasovagal discomfort during or after the procedure that resolved spontaneously in time. All procedures were uneventfully and no serious side-effects were observed.
Furthermore, in 14 out of 73 (19%) patients, a spontaneous pregnancy occurred following the procedure. The median time between the HyFoSy procedure and the detection of the pregnancy was 3 months (range 2-12).
Discussion
This is the first study reporting on experiences with infusion of foam as a first step office procedure for testing tubal patency with the use of ultrasound. For evaluation of the uterine cavity, we prefer gel instillation sonohysterography with undiluted ExEm-gel w , as the echogenicety of the foam can mask intracavitary abnormalities.
This gel and its compounds have been tested extensively and safely used in medicine. Its compounds are also described in artificial tears and adhesion barriers (Elam and Elam, 1993; Falk et al., 1998; O'Brien et al., 2003; Berger et al., 2005; Nilforoushan et al., 2005) . Toxicity was extensively tested (on embryos, in blood and in the peritoneal cavity) and described in the registration file. To date, more than 30 000 gel instillation procedures with ExEm-gel w have been performed without any serious side effects (personal communication with the manufacturer). As the ingredients of this foam are equal to ExEm-gel w , we expect that allergy and complications will be equally rare. No precautions are needed with regard to pregnancy in the HyFoSy cycle.
It has been concluded already in the literature recently that CATnegative patients should have a HyCoSy that carries a similar cost and has at least the same accuracy as HSG (Lim et al., 2011) . In addition to testing for tubal patency, it can be expected that with the increasing use of hysteroscopic sterilization techniques, (contrast) sonography will also play a more important role as a reference test for demonstrating adequate positioning of intratubal devices and/or tubal blocking.
A limitation of the study is that it is not a randomized controlled study comparing HyFoSy with HSG or laparoscopy with dye. Our experiences and our number of successfull procedures with HyFoSy are comparable with different HyCoSy studies (Papaioannou et al., 2004; Savelli et al., 2009) . We have chosen to perform a HSG only in cases where patency could not be demonstrated in one or more tubes. It should also be mentioned that there are no dedicated ultrasound contrast media that are labelled and registered for gynaecology other than Echovist w . As the viscosity of ExEm gelfoam is even lower than HyCoSy with Echovist w , we could expect that HyFoSy would perform at least as well as HyCoSy in terms of demonstrating tubal patency.
We have demonstrated, using HyFoSy for tubal patency testing, that a HSG can be avoided in about 78% of infertility cases. HyFoSy is a clean and safe, non(embryo-) toxic and a less expensive alternative to HyCoSy, that can be performed by a single operator in the office or ambulatory setting as a first step test of tubal patency.
